Meningiomas of the ventral foramen magnum are rare lesions that account for less than 3% of all meningiomas. Their treatment remains one of the most challenging among all meningiomas. The authors comprehensively analyzed multiple features in the series of patients who harbored these lesions.
CLINICAL MATERIAL AND METHODS
We retrospectively analyzed our series of 18 patients in whom surgery was performed by a senior author (O.A.) over an 8.25-year period (December 1990 through April 1999). Eighteen patients with meningioma of the ventral foramen magnum were treated surgically in three neurosurgical departments at the University of Mississippi Medical Center (1990), Loyola University Medical Center (1991) (1992) (1993) , and the University of Arkansas for Medical Sciences (1993) (1994) (1995) (1996) (1997) (1998) . Our study excluded patients with meningioma located dorsally in the foramen magnum or those originating elsewhere and extending into the foramen magnum (for example, the jugular foramen, upper clivus, cerebellopontine angle, and the spinal canal). We also excluded patients in whom malignant or aggressive meningioma types were diagnosed. Data from each patient's medical chart, follow-up examination, and neuroradiology and histological studies were reviewed. For patients who could not be followed on a regular basis, we obtained medical and radiological reports or contacted the patients directly through phone calls and questionnaires. The Karnofsky Performance Scale (KPS) [21] was used to evaluate the patient's clinical course. The differences between the preoperative and a follow-up KPS scores were examined by conducting a paired t-test. With regard to clinical outcomes, Cox's proportional hazard model was used to test the influence of variables such as age, sex, preoperative KPS score, and the extent of tumor resection.
The degree of tumor resection was classified based on the surgeon's observation detailed in the operative report and on postoperative neuroradiological findings. If these elements did not agree, we relied on the postoperative images. We divided the degree of tumor resection into three categories: gross-total resection (excision of the dural attachment and drilling of adjacent bone [Simpson Grades I and II]); near-total resection (in which a few millimeters of insulated and cauterized tumor were left on the vertebral artery [VA] or other vital structure if the arachnoidal plane could not be established [Simpson Grade III] ); and subtotal removal of more than 50% of the tumor mass (Simpson Grade IV). [34] The portion of condyle that was drilled ranged from one-third to one-half. The amount of drilling was directly proportional to the tumor location and its extension to the contralateral side to allow safer dissection from vital anatomical structures. In other words, the more medial the tumor or the more it extended across the midline, the more the condyle was drilled. In all but three patients the tumor was removed in a single sitting. The complex venous compartment in the suboccipital area that cushions the VA complex was previously named the suboccipital cavernous sinus (SCS). [3, 4, 41] In these patients, dissection of the SCS and the transposition of the VA complex were difficult. Therefore, the intradural part of surgery was postponed 1, 2, and 5 days, respectively. In one patient, the tumor adhered to the VA and the 11th cranial nerve, and an arachnoidal plane could not be established. Our persistence in separating these structures led to rupture of the VA, which was repaired by microsurgical sutures and reinforced with a Sundt clip. The 11th cranial nerve was transected, dissected free, and reanastomosed.
Perioperative Protocol
The perioperative protocol was developed over the years of our experience, and it was also based on the experiences of others in treating meningioma of the foramen magnum, [5] [6] [7] [8] [9] [10] [11] [12] [14] [15] [16] [17] [18] [19] [20] 22, 32, 33, [35] [36] [37] [38] [39] [40] general perioperative skull base management principles, and lessons learned from each case. Treatment was tailored to the needs of each patient. Following is a brief outline of the important features of the protocol.
Neuroradiologic Work Up. Each patient underwent a battery of neuroradiological tests. Magnetic resonance (MR) imaging included views in axial, coronal, and sagittal planes, and multiple relaxation techniques were included such as T 1 and T 2 -weighted and proton density images. This workup included a 1-mm-thick slicing protocol for image-guided frameless stereotaxy; MR imaging was performed more often than computerized tomography (CT) for this purpose. Magnetic resonance angiography was performed simultaneously and included both arteriographic and venous phases. We abandoned the routine preoperative use of four-vessel angiography unless MR angiography study provided particularly unusual findings that required further evaluation. The patency of the vertebral and basilar arteries, venous sinuses, their dominance and positions of jugular bulbs were particularly important. Computerized tomography studies included bone-window scans. The CT imaging protocol included 1-mm-thick slices and views in all three planes to evaluate the area of tumor attachment and features of the condyle and C1-2 anatomy, among other data. Postoperative imaging studies included CT scanning within 24 hours postsurgery and MR imaging within several days. These studies were used to evaluate the extent of tumor removal and possible complications, and they also served as a baseline. Chest x-ray films were obtained every day after surgery as a baseline and to rule out aspiration, if necessary. Follow-up evaluation included MR imaging with and without injection of contrast medium and was scheduled 3, 6, and 12 months after discharge. These evaluations were followed by yearly examinations, as needed. For patients in whom subtotal resection was performed, we considered adjunctive treatment, such as radiation therapy or radiosurgery (two and two, respectively).
Multidisciplinary Evaluations.
Regardless of the preoperative function of the ninth through 12th cranial nerves, a speech pathologist evaluated each patient. Evaluation included swallowing studies (for example, bedside and barium swallow) both for an assessment and as a baseline. These studies were coupled with otolaryngological evaluation if a patient's status required it. Postoperatively, a patient was maintained on a "nothing per mouth" regimen until cleared by a speech pathologist. If a patient experienced swallowing difficulties, appropriate actions (parenteral nutrition, an orogastric or a gastric tube, vocal cord injections and medialization, and tracheostomy) were undertaken as needed. Depending on the extent of the tumor, ophthalmological, audiometrical, electromyographic monitoring, and other necessary studies were added. Aggressive respiratory management, physical and occupational therapy, and consultations for rehabilitation were instituted as necessary early in the postoperative period.
Anesthetic Management. With the patient awake, endoscopic intubation was performed routinely to avoid hyperextension of the neck. Systemic monitoring included an arterial line (normotension is strictly monitored), a central venous line, a Foley catheter, a Doppler monitor, electrocardiography, and an oxymeter. A loading dose of steroids was administered when anesthesia was induced. Recently the use of a methylprednisolone protocol in cases of spinal cord injury was initiated. Initial doses of antibiotics (usually vancomycin and ceftazidime) were also introduced at that time and typically discontinued after 72 hours.
Intraoperative Neurophysiologic Monitoring. Somatosensory evoked potentials and brain auditory evoked potentials were monitored bilaterally. The 10th cranial nerve was monitored through an electromyography endotracheal tube. The 11th and 12th cranial nerves were also monitored, unilaterally or bilaterally, as needed.
Operative Technique
We used the transcondylar approach to resect all tumors in this series. The technique was tailored to each patient according to preoperative imaging, individual anatomy, and the tumor extension findings. If necessary, the approach can be extended or combined with other skull base approaches, and was required in two cases. This approach was greatly influenced by microsurgical anatomical studies of this complex area [4, 13] and has been described in detail elsewhere. [1] [2] [3] [4] 20, 36, 37] We will provide a brief outline.
Patient Positioning. The patient was placed supine and rotated 40°. The head was kept in neutral position and fixed in a Mayfield headrest to which is attached an image-guided stereotactic frame. The left thigh and the abdominal wall were prepared for grafts of fascia lata or fat.
Skin Incision.
A curvilinear skin incision was made 2 fingerbreadths behind the mastoid. It was begun at the height of the external acoustic meatus and continued downward to the level of the C-4 vertebra, gradually curving anteriorly.
Muscle Dissection. The muscles were dissected in three layers. As a rule, to prevent obscuring of the surgeon's axis, which was mainly lateral, all muscles were reflected inferiorly and medially after detachment. First, the sternocleidomastoid was detached from its origin at the occipital bone, which carefully preserved the innervation of the 11th cranial nerve. The digastric groove with the digastric muscle was an important landmark for localization of the facial nerve. Second, the splenius capitis, longissimus capitis, and semispinalis muscles were detached and retracted. The rich, suboccipital venous plexus was found between the second and third muscular layers. This plexus may be the source of bleeding or air embolism, as can be the mastoid emissary vein as it exits through the mastoid emissary foramen. The third muscular layer consisted of six small muscles that delineate two suboccipital triangles, the superior and inferior. [4] In the depth of the superior suboccipital triangle were the horizontal suboccipital VA and the C 1 nerve cushioned in the venous compartment, the SCS. [3, 4, 41] In the depth of the inferior suboccipital triangle were the vertical suboccipital VA and the C 2 nerve surrounded by the VA venous plexus. Both triangles met at the transverse process of the atlas, 1 cm below the mastoid. After the muscles were reflected, the posterior atlantooccipital membrane was opened.
Exposure, Mobilization, and Transposition of the VA Complex. From this point on, we focused the extradural part of the transcondylar approach on the suboccipital VA in its venous compartment (SCS). The transverse foramen of the atlas was drilled open, and the lateral (periosteal) ring around the VA complex at its superolateral loop was dissected subperiosteally. The posterior and lateral condylar veins were divided, which preserved the wall ("periosteal sheet") around the SCS (Fig. 1 ). The retrocondylar ligament was also divided, as were the arterial branches of the horizontal suboccipital VA. The VA complex was then carefully transposed inferiorly and medially. The sinus can be the source of significant bleeding, which can be controlled with Gelfoam and gentle compression. Fig. 1 . Artist's drawing of right-side intraoperative exposure obtained after the dissection and retraction of muscles and detachment of the posterior atlatooccipital membrane. The SCS is exposed, cushioning the horizontal part of the suboccipital VA. Note also the vertical part of the suboccipital VA surrounded by a VA venous plexus (VAVP), lateral (periosteal) ring (LR) after the drilling of the transverse foramen of C-1, posterior (PCV) and lateral condylar veins (LCV) that are divided (arrow heads), the jugular vein (JV), the atlas (C 1 ), the second cervical nerve (C 2 N), the axis (C 2 ), the external vertebral venous plexus (EVP), and the 11th cranial nerve (XI) entering the sternocleidomastoid muscle.
Bony Resection.
A lateral, posterior fossa craniotomy and mastoidectomy were performed. The sigmoid sinus and the jugular bulb were fully exposed. Drilling of the condyle was variable and depended on the size, location, and extension (across the midline or superior-inferior) of the tumor. In all cases, however, at least one-half of the condyle was preserved to maintain the stability of the joint. Laminectomy of the atlas and sometimes the axis was often performed.
Dural Opening. The dural incision was centered on the dural ring around the VA complex. The cuff around the dural ring was left large enough to permit later watertight closure. When the dura was opened, the posterior meningeal artery arising from the horizontal suboccipital VA was divided. This was actually the beginning of tumor devascularization.
Intradural Tumor Dissection. From this point on, further dissection was centered on the intracranial VA. In approximately half of the patients, the tumor completely encased the intracranial VA. In many cases, an arachnoidal plane, which allowed complete separation, was preserved between the vessel and the tumor. In some cases, however, this plane could not be established, and a few millimeters of tumor cuff were left around the intracranial VA. In these cases, persisting attempts at separating these structures may provoke rupture. In the case in which this occurred, we used microsurgical sutures and Sundt's circular enforcement clip. The posterior inferior cerebellar artery was usually displaced medially and dorsally; it may also be embedded by a tumor. The anterior and posterior spinal arteries usually adhered to the tumor, but a plane of dissection between the two could be established. The complex of cranial nerves (nine-12) was displaced posteriorly and at times split in a superior-inferior direction (Fig. 2 ). An arachnoidal plane nearly always existed between the tumor and the nerves. Displacement of the brainstem and spinal cord was posterior or to the contralateral side. The surgeon gained maneuverability by dividing the first dentate ligament and freeing the spinal part of the 11th cranial nerve along the arachnoidal planes. The dural attachment of tumor should be devascularized as soon as possible. The tumor was debulked with the ultrasonic aspirator, microsurgical technique, or both ( Fig. 3 ). Dura at the tumor attachment should be excised along with adjacent bone (that is, in resection classified as Simpson Grade I or II). [34] If part of the tumor was to be left behind, meticulous bipolar cauterization (and division) of the tumor attachment site and vascularization was performed. After the tumor was removed (Fig. 4) , meticulous hemostasis and the Valsalva maneuver were ensured. Dural Closure. Dural closure in a watertight fashion was typically difficult when the VA complex was fully mobilized. However, it should be done with zeal by using of an autologous fascia lata, a fat graft, and fibrin glue.
RESULTS

Demographic Data
In the series of 18 patients who harbored meningioma in the ventral foramen magnum, ages ranged from 36 to 77 years (mean 58 years; Fig. 5 ). The most common age range was 45 to 64 years. The series was comprised of 13 women (72%) and five men (28%), a female/male ratio of 2.6:1. The average length of hospitalization was 18 days. Follow-up periods ranged from 0 to 84 months (mean 40 months). 
Presenting Symptoms, Signs, and Findings
The time between the first occurrence of symptoms and the surgery ranged from 1 month to 10 years (mean 45 months). The most common symptoms were occipital pain and headaches followed by ataxic incoordination, gait problems, and swallowing difficulties ( Table 1) . It was more common to observe a combination of two or more symptoms, signs, or findings than only one. One patient harbored a sizable ventrally located foramen magnum meningioma that was discovered incidentally.
Surgical Data
Of the 18 patients in our series, 16 underwent surgery for the first time whereas two patients, respectively, had undergone surgery 1 and 11 years earlier and had presented to us for treatment of recurrent tumors (Table 2) .
Of the 16 patients in whom surgery was performed for the first time, 12 underwent gross-total, two near-total, and two subtotal removal of their tumors (Fig. 6 ). Both patients in whom surgery was performed for recurrent tumors underwent subtotal resection. In the four patients in whom subtotal resection was performed (two in the first-time, and two in the recurrent tumor group), the tumor tightly adhered to the brainstem, the vertebral and basilar arteries and their perforators ( Table 2 , Fig. 6 ). In these patients, after maximum extent of tumor was resected, its origin was cauterized extensively, and the vascular supply was interrupted as much as possible. All four of these patients then underwent fractionated radiotherapy (two patients) or radiosurgery (two patients), and in three stable tumor control was demonstrated in the follow-up period (mean 5.5 years). In two patients (Cases 10 and 11; Table 2) there was an isolated, cauterized cuff of tumor a few millimeters thick and long around the VA (Fig. 7 ). An arachnoidal plane could not be established between the arterial wall and the tumor. After 54-(Case 10) and 48-month (Case 11) follow up (mean 51 months), their annual MR imaging studies demonstrated no change. All but three patients underwent one-stage tumor removal. In these three patients, dissection of the SCS and transposition of the VA complex were difficult because of the significant engorgement of the SCS. Therefore, the intradural part of surgery was postponed 1, 2, and 5 days, respectively. In one patient, the tumor adhered to the VA and the 11th cranial nerve, and an arachnoidal plane could not be established. Our persistence in attempting to separate these structures led to rupture of the VA, which was repaired by using microsurgical sutures and then then reinforced with a Sundt clip. The 11th cranial nerve in this patient was transected, dissected free, and reanastomosed.
Surgery-Related Complications
In addition to the six patients in whom preoperatively demonstrated palsy of the ninth and 10th cranial nerves worsened postoperatively, four other patients developed cranial nerve palsy after surgery. Of these 10 patients, two underwent vocal cord medialization and in one the vocal cord was injected with Gelfoam. Two patients underwent a tracheostomy, and in four a gastric tube was placed. The longer periods of hospitalization of these patients contributed to an overall increased average length of hospital stay. Eventually, all patients except one, who died during the follow-up period, recovered or compensated to a functional swallowing function, progressing from a dysphagic diet to a regular diet within 8 months. Of the two patients with 11th cranial nerve palsy, one was the patient in whom transsection and reanastomosis of the cranial nerve were performed. Both patients recovered to the preoperative level of function. Seven patients developed a 12th and one patient a sixth cranial nerve palsy; in all these patients resolution was complete except in two patients who experienced only a partial recovery.
Four patients developed a cerebrospinal fluid (CSF) leak. Two of these patients received additional skin sutures, whereas the other two were treated with external lumbar drainage and operative revision. One patient developed hydrocephalus that required placement of a shunt.
Clinical Outcomes
The overview of patients and clinical outcomes is presented in Table 2 . All but two patients (Cases 9 and 12; KPS scores of 30 and 40, respectively) presented with a KPS score of 60 and higher (89%). In all but three patients (83%) an improved KPS score was obtained during the follow-up period compared with that obtained preoperatively; this improvement ( Table 2 ) was statistically significant (p < 0.0001). The difference was also statistically significant at 12, 18, and 24 months postoperatively (p < 0.0001). The KPS score for three patients remained unchanged postoperatively. Overall, however, the improvement varied from scores of 10 to 30. A KPS score improvement of 10 points was demonstrated (28%; mean follow up 29 months), 20 points in seven patients (39%; mean follow up 50 months), and 30 points in three patients (17%; mean follow up 46 months). In patients who underwent near-total or subtotal tumor removal stable tumor size was demonstrated on yearly follow-up MR imaging studies (mean 64 months), except in one patient, who eventually died. An analysis in which Cox's proportional hazard model was used, revealed that radical tumor resection (gross total or near total, as defined previously; see Figs. 7, 8, and 9) and a higher preoperative KPS score had statistically significant impact on the favorable outcome in our series (p < 0.03 and p < 0.02, respectively), whereas sex and, interestingly, age had no influence. There were no perioperative deaths. Four patients died in the follow-up period ( Table 2 ). In the first patient in this series (Case 1) a gross-total tumor removal was performed. She made a full recovery postoperatively, and her follow-up course was uneventful for 3 years until she developed multiple myeloma. She underwent radio-and chemotherapy but died 18 months later at the age of 79 years. One patient (Case 4) died more than 3 years after undergoing surgery for tumor recurrence. He presented with intractable facial pain, gait difficulties, ataxia, and diplopia caused by a sixth cranial nerve palsy, and he underwent subtotal resection that achieved satisfactory decompression of the nerve. The tumor was cauterized extensively at its origin, and the vascular supply interrupted as much as possible. Postoperatively, he underwent radiotherapy, his symptoms resolved, and he returned to a normal life for 3 years, during which time a stable tumor size was demonstrated on the annual follow-up MR imaging. However, his symptoms recurred with worsening of his heart condition, gait difficulties, and swallowing problems, and the tumor had increased in size. The patient refused further therapy, his condition progressively worsened, and he died 3 weeks later at the age of 80 years. The third patient (Case 9) presented with severe quadriparesis and had difficulties with swallowing and diplopia. An aggressive postoperative course included placement of a gastric tube, early tracheostomy, and vocal cord medialization. She developed a CSF leak, which was surgically revised, followed by hydrocephalus, which required placement of a shunt. Her condition gradually stabilized, she was transferred to a rehabilitation facility and subsequently to a nursing home. At the 4-month follow-up examination, her quadriparesis had improved and she was ambulating with a walker. One month later, she was admitted to a local hospital for a deep venous thrombosis and received an inferior vena cava filter. Subsequently, she developed endocarditis and died 5 months after the surgery at the age of 64 years. The fourth patient (Case 12) who died in the follow-up period presented with quadriparesis, dysarthria, and swallowing difficulties. She also had a history of atrial fibrillation and myocardial infarction. Her status on postoperative neurological examination was unchanged. A gastric tube was inserted and a tracheostomy performed early, and she was transferred to a rehabilitation facility, where she developed a pulmonary embolus and died 1.5 months after the surgery at the age of 78 years.
Histological Findings
In this series, the most common histological meningioma type was meningotheliomatous. All but one patient underwent near-total or subtotal resection harbored this tumor type. The transitional type was slightly more common than psammomatous. The distribution of meningioma histological types is shown in Fig. 10 . 
DISCUSSION
Clinical Outcomes
Because of their location, meningiomas located ventrally in the foramen magnum remain one of the most challenging meningiomas to treat. Often, they are not discovered until they are large, and the patient has experienced a relatively long period of minor or no symptoms. Their rare incidence (< 3% of all meningiomas) limits experience in their treatment. Yasargil, et al., [39] reviewed 114 patients surgically treated for foramen magnum meningioma whose cases were reported between 1924 and 1976. They found an overall mortality rate of about 13%, an overall "good" outcome of 69%, a "fair" outcome of 8%, and a "poor" outcome of 10%. The Mayo clinic experiences were reported at three different times [14, 26, 40] and included all benign extramedullary tumors of the foramen magnum. Therefore, the operative results of isolated ventrally located tumors cannot be assessed.
Of six series on foramen magnum meningioma (that included those defined as located ventrally) reported in the most recent 15-year period, [5, [15] [16] [17] 19, 22, 30, 33] four were from Europe. [15] [16] [17] 19, 22, 30] Fourteen cases of meningioma of the ventral foramen magnum were reported by Guidetti and Spalone [19] (100% total tumor removal; 14% mortality rate), five by Sen and Sekhar [33] (60% total tumor removal; 20% perioperative mortality rate), seven by Kratimenos and Crockard [22] (86% total tumor removal; 29% perioperative mortality rate), and eight were reported by Babu, et al., [5] (75% total tumor removal, 13% mortality rate). The largest series of these lesions (39 cases) was reported by George, et al., [17] who achieved 56% of Simpson Grade I and 31% of Grade II tumor resection, with an associated perioperative mortality rate of 8%. Recently, Samii, et al., [30] reported 40 cases of meningiomas located at the craniocervical junction (63% total and 30% subtotal tumor removal; 6% perioperative mortality rates). This series probably included 25 cases of ventral foramen magnum meningioma, as defined herein. Unfortunately, the surgical results for this subgroup cannot be isolated.
Because our series deals only with ventrally located meningioma of the foramen magnum, comparisons with other series may be biased. Furthermore, it is difficult and, in part, scientifically inaccurate to compare series of patients in whom different variables exist (age, sex, exact tumor location, size, preoperative symptoms, meningioma type). Nonetheless, some conclusions can be drawn. As Fig. 6 illustrates, we were able to totally remove 75% of tumors at the first surgery; in the two surgical procedures performed to treat tumor recurrence, both removals were subtotal. This fact strongly suggests that radical tumor surgery should be pursued with zeal at initial surgery. As our results indicate, it is the best time to effect a "cure." A radical tumor resection proved to be a variable with a statistically significant impact on favorable clinical outcome. Conversely, the feasibility of radical resection cannot be predicted prior to surgery in patients presenting with a recurrent tumor, and gross-total resection is less likely to be achieved. Nonetheless, our results indicate that the surgeon should still attempt the maximum possible decompression and cauterization of the capsule and tumor origin. This strategy appeared to contribute to a relatively satisfactory quality of life (as indicated by KPS scores ranging from 60-90; mean KPS score 75) and a relatively long period in which the patient maintained a stable condition (mean 59 months). Furthermore, surgery itself was shown to have a statistically significant impact on the improvement of the follow-up KPS score compared with the preoperative score. Age and sex, on the other hand, were not shown to exert an impact on the outcome. Naturally, a longer follow-up period than the current mean of 40 months is necessary for confirmation of results.
Although no perioperative deaths occurred, four patients died during the follow-up period. Our first patient died of an unrelated disease (multiple myeloma). The second, in whom surgery was performed for a recurrent tumor, lived independently with a stable tumor, until it recurred again. Such a relatively long, stable follow up in this latter patient, along with that in the only other patient who underwent surgery for a recurrent tumor and who is still alive and in good condition, lends credence to an aggressive treatment in such cases. Two other patients (Cases 12 and 9) died 1.5 and 5 months, respectively, after surgery of causes not directly related to surgery (pulmonary embolus and endocarditis, respectively). Nonetheless, these cases must be analyzed closely with respect to the surgery. These two cases (aged 63 and 77 years) were actually the only patients in whom preoperative KPS scores were very low (Case 9, 30; Case 12, 40) and in whom progressive deterioration of their quadriparesis and swallowing problems were present. In fact, a low preoperative KPS score was a feature that had a statistically significant impact on the unfavorable outcome. The difficult decision to proceed with treatment was reached with these patients and their families. Although gross-total resection was achieved without technical difficulties and aggressive treatment (such as tracheostomy and gastric tubes) initiated postoperatively, both patients (particularly Case 9) experienced a series of complications. The conditions of both patients eventually stabilized, and they were transferred to a rehabilitation facility, with either minimally improved or an unchanged neurological status. Based on these cases, we learned that a low presenting KPS score, a progressive clinical course, and quadriparesis carry a poor prognosis and a significant risk. Hence, early diagnosis and operative treatment is recommended.
Operative Techniques
Treatment of meningioma of the ventral foramen magnum was begun by neurosurgical pioneers [10, 12, 14, 18, 19, [38] [39] [40] who opened a door of what was once considered a "no man's land." [25] Traditionally, posterior midline suboccipital approaches and C-1 laminectomy have been used when treating these lesions. [38, 39] Although the transoral approach [9, 27] has been advocated because it provides a direct route to the craniocervical junction, for intradural lesions it has serious limitations: poor access to laterally placed or broad-based tumors; crossing of a contaminated operative field (oropharynx) that causes meningitis or a CSF fistula; difficult dural closure; and destabilization of the craniocervical junction. [27] We found, as have other investigators, [5] [6] [7] [15] [16] [17] [22] [23] [24] [25] 30, 33] that the transcondylar approach is greatly advantageous in the treatment of these lesions. Although a number of different terms have been used to describe this approach, there is in essence only one approach with variations in patient positioning, skin incision, muscle reflection, VA transposition, amount of condyle drilling, and craniotomy. It should, of course, be tailored to fit the local anatomy and tumor characteristics in each patient.
Our experience indicates that drilling of the condyle is very important for a safe and radical tumor resection. In our series, it ranged from approximately one-third to one-half of the condyle. This amount of drilling did not cause any craniocervical instability in our series. Another important factor, which cannot be predicted using present diagnostic modalities, is the size and development of the complex suboccipital venous compartment, the SCS. [3, 4, 41] The SCS provides an alternative anastomotic route for intracranial venous return. In some patients, this sinus can be engorged because the tumor compresses the basilar and epidural venous plexi. Thus, the sinus becomes a troublesome source of bleeding and potential air embolism. This risk may lead to a prolonged, complex dissection and transposition of the VA complex cushioned in the SCS. For this reason, we performed the intradural component of surgery at a later stage in three of our patients. Hyperostosis associated with the meningioma of the ventral foramen magnum indicates tumor invasion. [28] Aggressive bone drilling of the hyperostotic site is recommended to prevent regrowth from this nidus and tumor recurrence.
Perioperative Complications
In our series, the most common complication was the palsy of lower cranial nerves (the ninth and 10th cranial nerves in particular). As other authors have also pointed out, [17, 22, 25, 30, 33] these cranial nerve palsies are the most dangerous. They have significantly contributed to the prolonged length of hospital stay in our series. Fortunately, in nearly all patients in our series function was recovered or compensated for within 8 months of surgery. We found it useful to try to predict its appearance and establish a preoperative baseline evaluation, including a formal, or at least bedside, swallowing study. This may have prevented the occurrence of aspiration, pneumonia, and possibly lethal outcome in our series. Postoperative treatment of these cranial nerve palsies should be cautiously administered and tailored according to the patient's circumstances. We advocate early placement of nasogastric or gastric tubes; ear, nose, and throat monitoring with vocal cord injections or medialization and tracheostomies as indicated. Postoperatively, a speech pathologist, present to monitor and adjust feeding and types of diet, is very beneficial. Nearly all patients recover from palsies of other (sixth, 11th, and 12th) cranial nerves as long as the nerves are anatomically preserved and were manipulated "cautiously" during surgery.
Four patients in our series developed postoperative CSF leak. Although watertight closure after transposition of the VA complex may be difficult, compulsive dural closure with fascial and fat autografts remains the only way to prevent this potentially dangerous complication. Nonetheless, there appears to be a learning curve associated with this complication because all cases in the present series occured in the early phase. In addition, hydrocephalus may be the underlying cause of the leak that requires shunting. If a CSF leak occurs, additional sutures and external lumbar drainage should be attempted first. If this approach fails, revision is warranted.
Histological Findings
The histological findings of meningioma of the foramen magnum have been reported only sporadically. [17, 35, 40] Although the meningotheliomatous type was most common in our series (39%), it did not occur as frequently in reports by Yasuoka, et al., [40] (68%) and George, et al., [17] (55%). Although the psammomatous type was represented in only 22% of our patients, it occurred in the majority of cases reported by Stein, et al. [35] Although the histological type of meningioma may have had some as yet unknown impact on the degree of tumor removal (meningotheliomatous type was present in all but one patient in whom near-total or subtotal tumor resection was performed), it does not seem to have influenced the clinical outcome in our series.
CONCLUSIONS
In the majority of patients, meningioma located ventrally in the foramen magnum can be radically removed via the transcondylar approach, with a frequent but transient morbidity from lower cranial nerve palsies. Radical removal should be attempted during the first surgery because it is the best opportunity to effect a "cure." Radical removal of a recurrent tumor, although less likely to be achieved, is also recommended, because most patients live a relatively long, stable period of time in a good neurological condition. Patients with progressive motor weakness and a low preoperative KPS score have a poor prognosis. Hence, early diagnosis and operative treatment is recommended.
